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7K (Oryza sativa L.) IR E FEIET7 » BEE NS HER BLIAT 5 i M i 22 24 (]
SN O NS AR EC A R SR K AL FE > DUBE R EINVERE K o hy T I
AN [ 3 s e P PR A R R A 22 52 > Ebana 8 A DU ER 12 (2K R [FI R ER IR AT 2R 5 1Y
TR RS TRERS » WEDATTAEAY 12 {18 F2 Zr@fige it 1 TR R AR 8 & MR AL 2 (quantitative
trait loci, QTLs) E 7 » B ER4E FAERT 34 (& QTLs » £t 8 M AGIE R - AL EmIE M
BER D —(E A Ay RN @ ooy 9 (& FE e b R 0 L N B R BB Ly TR
GIOBISIGISINRN o K928 HY HDI ~ HD6 ~ EHD1 ~ GHD7 ~ RFTI %1 DTHS (HD5) 55 6 i F: R
EATIMHE F RKRE S B I A o bl 6 (EFE e KigtmiEAR R80T

RFTI JAH{A5~ FLOWERING LOCUS T1 (FT) 1E7KREMY[EIEEA 2 — » RFTT B155—
FT-like F[K (HD3A) 42 KRR EHERIMBLENREN ©  RETI AY4RHSIEIS (coding region) £
et [ 2 = 2 R B 14 (highly conserved) @ H Rif AR /Koo fE S BL— (@1 > RFTT 4RSI 5
HYE 7R85 (E105k) » Bho88 G T RFT] R ATEFE AL » I HEEUKIEE & H IRRE T8
EWEEHBICRES HE " -

EHDI 5 B-type response regulator » it f£ 5 H @& HIBIRIE 2K » EHD1 ¥90] 1F[A]
B HD34 1 RFT] WIENFRIE o (R KAGLIRESHE @ o BLoh - B9R B SRERGY EHDI1
A —{E N1y GARP domain g FLRE 5 # (G219R) HYE AL EEA ehd1-T65 - 5 (i A
FIEALE BN S & LR R AR - A ST N e — I IR ER AR
i

HDI Rl Bs [l i1 {35+ CONSTANS (CO) 12 /KFaRY [ERAE A » HD1 A5 HIREE T & 2 #
HD3A4 HIERZRFA - RILEEh /KRRy AR JEAE R - ZAIMBT9E88 3 - HDI R HEERE THIK
T &I HD3A WESRERIE > BEBRTEATEE @'

HDG6 & subunit of protein kinase CK2 HYFERIZ N » HELR P /Kigim it 2 = O
B W9EE 3 HD6 e R HIRIREE T » W A HD1 AR ThEE IEH B g I KAE4 i b
RO Fi A RZE SRR S R SRR A — (E B B fS 528 8% (frameshift mutations) (/7S
— 1% E B 2 BIVE(LES (single nucleotide polymorphism, SNP) » FLZE88 & 2] HD6 L AIEF L)
BE > S KFEHE oA 0 -

DTHS8/GHDS (HD5) Rl By putative HAP3 subunit of the CCA AT-box-binding transcription factor
DTHS i f H QIR N g5 tH & M4 EHDI ~ HD3A4 B RFT AR R AN HIKFEL0TE 7y
/”: (2,18) B

GHD7 Rl CCT domain protein 5K » GHD7 A HIFN T &k /Kigghigss e "
R - KRS By T i FEE RV R HIRIRER » RIS 1 T —45% GHD7 DiREGh: (null
allele) / THAEFF#(E (hypomorphic allele) Hy e » (55 H Fij ZKAE AT 758 I R R 17> o BR SR BE T
HAIL B S m s s 0 -

HEZR H AT A T2 BRI KR A AR BRI 58 5. - Iz H AR R AR 7 it it B>
HIRRTE » 2RI 8 Se AR AR IR B/ M 25 RO R B R = AL IR RIERET T - B0 R
HEARAETTIAST - ZEAR BTG - /KIS HATE A By S 8 B b B BRI R
HRAERE o Bhoh - &SR T R A /KRS AR R S A A - IR MAFEIEIN EEHIK

14



EVERETRE T/KRE lRE AL R A B 1 BB (4

FeppdE el - REEEE AT 2 e IR AR 8 TE - (HRP KRB ERIRAREERE
BB K RS in i LA TR 5 > B U R EHIH PRI S AL A NPT S 2L -
It > AW FE RS FR R 102 {[ERYA FIMEIRET MBS 2 KRaSfE / % > WEEHETERIAY 6 &K
FEHMIEHAAS N HD1 ~ HD6 ~ EHDI ~ GHD7 ~ RFTI ¥ DTHS M#E{TARAL 34 » FIZR T it 6
(Efh PR N2l inTE (%) FRVEREGESR - I HRNEERIE Y A 1 ATA 2almnid
FE A KRR (E A I iR A R E 3 > REE 05 0 BRI R O AT - DABEER ST SR SR i
EAERE I RS P SulniE e & AR Rt E=EK
FIEREFAELE L TS ERE AT R AR - KR EREReR -

M T A

—  RERMEERE RIRIE
SatnofE 2 63 (EFFELIEE 39 ([ERIfELTE - R ZEEREN RS R
ISR o E—HAFRERN 2013 E 1 H 24 H » &S EEE A EHNEH
HEERES A 11.0 ~ 13.0 /NF (1 H 24 2[5 H 10 H ) - ZHA{ERERR 2013 457 H 26
H  &mfEEgt Rz AEFHEHBRE/N 133 ~ 115 /NE (7 H 26 F] 10 H
24 H) - MifAERER B EREEAEREL - N EFEEREEN RERETSARHE (5
FRGREEAD ) - AKFEFEIETTIRER B 30 x 15 47 » OK BT = T & -
— ihiEERERE
SR BHE AR 73 Rl 52 1k - flifEFTRS 42 5 H %L (days to heading, DTH) Il
DAL 1% 2] A (18] (e 28 ~F SO R Y 35 — SR HH AV - (E A ARt Bm ey s AR A 75 B
8o
~ AR BIAR
AHFFR A St P EHE R R AT EUMEE - DL CTAB J574 "% fhEUEE H (YA N B4
DNA - HDI ~ DTHS 81 GHD7 % 3 {E#ifE iR R Sl g A E s AV E I R
R LR AL 8 P i 07 OB T8 (H I B AV ERED - (k5% 1 Frdlls [ 75l o1& aiE
LT =TI SR S Y S fE (polymerase chain reaction, PCR) » $32 Fik —= {E 1517
H T & N EEYIR &R —E - 11 DNA EYVIZ s YR A TR A 5
1T Sanger E &M » EFP4E S LIEES Chromas Software v2.23 (http:/www.technelysium.
com.au) #E{TERL T  EHDI ~ RFTI 81 HD6 %5 3 {EHhBEHHEL A 71 anfefd Al A S
FEPREARRIE - AT AIHSCER 3 (B TP & 23R — (R B BCR FI AR I sE Y B — %
Rl S RUMEfT G O s REARZE 5 EHDI 4RiBIEIs 5 2R 5 (G219R) ~ RFTI 4715
LIS H 2R 52 (E105K) B HD6 4RSI sk i is i 2e i Bkt CAPS (cleaved amplified
polymorphic sequence) 73 Ffa& ( % 1) 2K fEhy HAEHY DNA F B - I 28 AR E AR FIEG
AR 77 A [E A EL R Y SNP - $f5%1E DNA | B ETTERU) S ET% - {5 FH BBk oy P iR
DNA F EZRE B # RIS UIE] » MR EEAERZ HEY -
P ~ SRETE R
R T R & (R AR R K P R A2 B H 2 8 alBeeks
B SHNHERERBAEER T > SERT (ER) 2R EENESEUER
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(functional alleles) Bi1°K B.THEE S5 {i7 £: A (nonfunctional alleles) Wi {884k » DL5¢ & PEi%E%
5} (Completely randomized design) #EFFH 5 » FF LI HIBT & HEER1T 2 (B B MR 76
S EHBROABEER - NE eSS TRE e RR - R EA R = RAVERIE R
AT 73T (Multiple linear regression) HY 5 S8y » #ifEFT R4 5 HE8UF HIEEBUETARET
I3 AT MRS e A AL R AT R S sl R e B R 8+ DURCR B F A B R S e A
LA -

1. HREEIERR A AT Y5 &

Table 1. Primers used in this study

ID Ta Forward primer Reverse primer Size RE"
oy (bp)

Seq Hdl 1 60 CACAAGCAAGGCTACTTCGTTC ACATTGACAACGTGGCATGTA 986

Seq_Hdl_2 60 TGATTCGCATATTTCAGTGACC ATCCGGAAATTACAAAGCAAAA 581

Seq Ghd7_1 55 CAATGAGGAGTCGCCAAATTAT CCGGATCAGGATTATTGGATT 828

Seq Ghd7 2 60 GCTTATGCGTACATCTGGATTG TGGTATATACGCACTGTAATTATCT 457

Seq_DTHS 60 ATCTCCTCACCTCCTTTCCTTC AAACAGCATCAGCATCAACAAT 1,111

FM_RFTI 55 AGATAATTAAATTGATGCAGGTCAA CTGCATGCATATACAGCTAGGC 331 Hpyl881I1

FM_EHDI1 60 CAGTTGCACCGTCAGTTCATT CTTGCAATGAGCCACTGAAATA 301 Ddel

FM_HD6 60 TGGTGCATCTTTAACAGTGAGC GCAAGCAGTGAGAATGGTGATA 611 Hind 111

* Ta, annealing temperature
® RE, restriction enzyme

fm R

— BHUKERENESE— R THERIE T 2 HiE iR
AR B W A E AV HEA ~ 4R {LiF A B i AR pr 2 B Y H & 2 A=
1> Sl s 2013 F—HI ETERT 30 H (40 bAT 10 H ) By H IR & 11.9 ~
12.6 /N 5 117 2013 A — EA(EHRAERT 30 H (402 LAT 10 H ) By H IR SRR 12.9 ~
12.1 /B - FHIE 2 80 Sl miEn —BAEMER R A HE R 75 ~ 9 K2
] “HAMEMFERT TS HERINL 50 ~ 75 K2/ > MiEEATER AR Es H 852 MR %
8 (Pearson’s correlation coefficients) £ 0.819 ([& 2¢ ) 5 St flIRg L —HIEHIfEFT R
HEI A 83 ~ 106 K2t » “HATEHITEFTRE H BRI 54 ~ 90 K2 - Wi EAERT
HYHRE H S0 R (BRI 5y 0.623 ([ 2f) -
— 6 EEA RN SR RERNARERE
AT AR » HFEHARLR HDI ~ DTHS 91 GHD7 H4RtEE I > L fE s B A =
IR 100 o BT IR SRR RS 3 B R N E R E A EHIE - &
Ei DA Sanger 7EJ7 5754531 T HDI ~ DTHS %1 GHD7 = {EE NV 4RIEE I - 455880
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HDI A& fEE A S S B RS > 7Y HDI 4RSI AL 3837 T 11 {E SNPs £
11 {[ indels (insertion/deletion) - F&FH 72 L& SNPs E indels » 0] LU A 3L fE /Y HD1
SEPABR4E 20 (HEEEL (haplotypes) (1B 3 B 2 ) - FEEE A REER - S5 6 (8
Indels £ 1 {[# SNP 7 2 £ fi 25 28 % (nonsense mutation) (A &8 HDI &5 IEH HEE -

BRI AT 25 6 (] Indels 511 1 (8 SNP (9 HLAS 0S8 A JEE (42924589

10~ 11~ 14~ 17 ~ 18 Bi1 20 ) B K N A IEH DIRERY HDI1 FAr AR - HErry BEERIAIH,
BRRE B IE T HRERY HD1 FHAIEEN » 1A DTHS MY 4RSIk Y E Fr4s 5 » 2837 14 (& SNPs
Bl 5 &l Indels - #5172 26 SNPs B Indels » A LAREFTA el iy DTHS A1 5K 73 B
10 [EEEERY ([E 4 5F=2) - HPHY 3 {E Indels FEERAEICE o NIt > FFHE3
Indels FYBRERISEA ELIN (4R5%E 3 ~ 4 ~ 5 8L 8 ) Bl Fy N HIEHE TIRERY DTHS FAr AN -

1£ GHD7 WE P45 5 » 3530 12 {IE SNPs 5 (K 12 (& SNPs » W[KiFTH GHD7 (Y
ERBSIEIE Iy By 10 (EBEEAY (fE 5 K 2 )  ZAMMATH SNPs B i A S B85 » NIt
Fi5 GHD7 HYE i BN EAM TR 2 H 8 Fs BAA TEH TR
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{ERFRE 5 =t ] Ry 2t S e A W (1 53 Bl Flr AR R
Fig. 1. Changes in daylength at the growing location. Arrows indicate the transplanted days of each

season. Blue boxes represent the period of sensitive to photoperiod of 102 cultivars; Yellow
boxes represent the period of heading date of 102 cultivars
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Fig. 2.
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Distribution of the DTH (days to heading). (a) The distribution of DTH among japonica
varieties (accession numbers: 1~63) in the first crop season. (b) The distribution of DTH
among indica varieties (accession numbers: 64~102) in the first crop season. (c¢) The
distribution of DTH among japonica varieties (accession numbers: 1~63) in the second crop
season. (d) The distribution of DTH among indica varieties (accession numbers: 64~102)
in the second crop season. (¢) The scatter plot between DTH of two crop seasons from 63

Jjaponica varieties. (f) The scatter plot between DTH of two crop seasons season from 39
indica varieties
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Fig. 3.

EVERETRE T/KRE lRE AL R A B 1 BB (4

#
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Position | 71 | 248 |316]321] 327

440 | 466 | 469 | 487 | 512 | 512 |606]650 | 743 | 871 | 891 933 | 1048 | 1089 |1108|1195|No. of cvs.
GC/AA | TIC | AIG |CIA |CIA |GIA| () |156 bp w ) () () 1901 bp WYHNCXTIN AA GIA
GC T | C [36bp| A | C | C| G [33bp] — G | G |43bp| TT — A |(AGA)3|AAAG| C | G 15
GC T | C|[36bp| A | C | C| G [33bp] — G |G I TT —_— A |(AGA)3|AAAG| C | G 15
GC | T | c(36bpl A |C|c|G[33bp] — |G| A |43bp| TT — A |(AGA)3|AAAG| C | G 1
GC T | C [36bp| A | C | C| G [33bp] — G | G |43bp| TT |1901bp| A |(AGA)3| AAAG| C | G 10
GC C| C [36bp| A | C | C| G [33bp] — G | G |43bp| TT |1901 A |(AGA)3|AAAG| C | G 1
6c |c|lc| —|alc|c|c|33bp] — |G| G [43bp] TT - A |(AGA)3|AAAG| C | G 11
GC C | C|[36bpl A|C|C |G [33bp] — G | A |43bp| TT e A |(AGA)3|AAAG| C | G 7
GC C | C[36bp| A|C | C| G [33bp] — — | A [43bp| TT = A |(AGA)3|AAAG| C | G 1
GC | €| —[36bp| A | cCc|c|G|33bp] — |G| A [43bp| TT - A |(AGA)3|AAAG| C | G 2
GC | €| c36bp| A|C|C|G|[33bp|] — |G| A [43bp| TT - A [(AGA3| — | C |G 15
AA C| C|36bp| G |A|A|A]| — == G | A |43bp| — = C [(AGA)3| AAAG | C | A 4
AA | c|cl36bp/G|AlAalAa|l—| — |G |[A[43bp]TT = C |(AGA)3| AAAG| C | A 1
AA C| C(36bp| G |A|A|A]| — = G | A [43bp| TT == C |(AGA)2| AAAG | C | A 2
AA C| C|36bp| G |A|A|A]| — = G | A |43bp| TT - C |[(AGA)3| AAAG | T A |
AA C| C [36bp| G | A|A|A| — |156bp| G | A [43bp| TT — C [(AGA)3| AAAG| C | A 1
AA | C | C |36bp| G | A | A|A| — [156bp| G | A [43bp| TT - C |(AGA)3|AAAG| C | A 1
AA C| C (36bp| G | A|A|A| — |156bp| G | A [43bp| — — C [(AGA)3| AAAG| C | A 2
AA C| C|(36bp| G | A|A|A| — |156bp| G | A [43bp| — = C [(AGA)3| AAAG| C | A 7
AA | C | Cc |36bp| G | A| A | A| — [156bp| G | A [43bp| TT - C |(AGA2| AAAG | C | A 4
AA C| C|36bp| G |[A|A|A| — |156bp| G | A [43bp| TT = A _|(AGA)3| — C|G 1

102 {7 Fe b fE AE HD 1 BN 4r b5 s GE Fr 45 5 Typel £y ¥ %5078 Nipponbare Y
HERA « Febieifh F T RILZERIE HDI R ETE T T S i T - %
B g RAS AR L& E A AU Nipponbare ZNAF R | AL HRIBARILE
B L INE LI EIEE o ZRA Type2 ~4+~5-8-~9~10~11~14~17~ 18 £
20 BN RIEHEHRERYFAI AR - Hep RN A B IR TR S LA

Haplotype analysis of HDI coding region in the 102 cultivars. The nucleotide sequences
of all cultivars were compared with Nipponbare (type 1).The Numbers at the top indicate
position from ATG start codon. Polymorphic nucleotides are indicated in different colors.
The locations of frameshift mutation or premature stop which cause loss of function

are shown in red color. Type 2, 4, 5, 8, 9, 10, 11, 14, 17, 18 and 20 are identified as
nonfunctional alleles

A

CCT domain

\_-—
N

\ \ \ A \\ / / / / e ” Vi c““ //j; 4 // A
\\N\N\N / /S | | A~/ / s
Position | 26 | 56 | 74 | 96 | 132 | 256 | 306 | 323 451 461 503 518 | 566 | 648 [ 655 707 | 812 868 | 884 | No. of cvs.!
AIT | TIC | AIC | TIG | CIT | GIT | AIC hﬁ : w iGCGi AIC | CIT | AIC |(AGGCGG)| © TT/GA | AIG
Te 7T a1 a1 c |7 e a T oacasocc | a T Tiocona | c ]| Tocsocosca | 11 o e
A s A T C T c A - A - GCG)7 | A C A GCGGCGGCG T A 1
A | 4 C G -4 G < - GAGAAGGC | € - (GCG] A C A GCGGCGGCG T A 1
A c { G C G L S - GAGAAGGC | € - GCG; C ) ¢ | - T G 15
Type6 | A c [+ G C G [+ A | GAGAAGGC | C - GCG) [ o4 f C - GCGGCGGCG T G 7
Type7 | T c c G T G [+ A | GAGAAGGC | € - GCG) C T C_| AGGCGG | GCGGCGGCG GA G 1
A [ c G C G [+ A_| GAGAAGGC | C | GCGCGCCACG | (GCG)B | C T [+ - GCGGCGGCG 1T G 1
Type9 | A [+ [+ G C G c A | GAGAAGGC | C - (GCG)B | C T i GCGGCGGCG 1T G 5
ltype10] A | c | c |6 | cl 6| c| A |GAGAAGGE | € ) Gee| € | T | © - - TT G 15
4. 102 {E/AKRESTEAE DTHS FN 4RSI E P45 R © Typel fy¥IIRALME Nipponbare Y
FLNAY o £ E BT B 28 DTHS FENAEIASHE T NI B s i 7 - &
O HFRAB AR L AL A T 8 Nipponbare ZLAMIA 7 # © ALK A RISARILE
RGEENRELF IR o WA Type3 ~ 4~ 5 81 8 B HIEHIREAVEI AN
HER AN BRI R B IE H ThRe T AN
Fig. 4. Haplotype analysis of the DTHS coding region in the 102 cultivars. The nucleotide

sequences of all cultivars were compared with Nipponbare (type 1). The Numbers at the top
indicate position from ATG start codon. Polymorphic nucleotides are indicated in different
colors. The locations of frameshift mutation or premature stop that cause loss of protein
function are shown in red color. Type 3, 4, 5 and 8 are identified as nonfunctional alleles
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2. 102 &2 B ERHRE AT AR A2 B H B 6 (EHh RNV BT - IR
R BR Bt BIEH DIREHY AL A A

Table 2. The haplotypes of 6 heading day genes and days to heading in 102 rice cultivars. Grey
highlight represents nonfunctional alleles

1D variety Japonica | Indica | HD6 | EHDI | DTHS | HDI | RFTI | GHD?7 | heading (I) |heading (II)
1| B A 1I I I VI I I 75 50
2 | f&EfR \% Il I I I I I 77 50
3| B 342 \% I I I VI I I 77 50
4 | RER \Y% il I I VI I I 77 50
50|t \Y I I Il VI I I 75 50
6 |Zf191 Y% I I il VI I I 79 50
7| & \% 11 I II VI I I 81 50
8 | Bt \ 1T I 1T XIX I I 85 52
9 | HAmE \% I I I I I I 75 54
10 | Pegonil ( Afr ) \Y% II I I XIX I I 79 50
11 |BL1 \Y% I I I I I I 75 50
12 |Kitakaori \% I I I I I I 83 50
13| dEfE 100 \ I I I VI I I 81 50
14 | WiAH 14 \Y% I I I I I I 77 50
15 | 85 v I I il VI I I 81 50
16 |8 \% I I I I I I 77 52
17 | IR \Y% I I I XIX I I 77 50
18 | Lomello-1 \% 1 1 1 XIX 1 1 81 52
19 | Khao-lo-1 \Y% I I il XV I I 81 62

20 |Z=fE 0 gE Y 1 1 11 VI I I 85 59

21 | Eife 141 98 \Y% il il i} I I I 87 59

22 | e 142 98 \Y% I 11 il I I I 87 59

23 | = 13 9% \Y I II il VI I I 88 59

24 |2 192 58 \% I I VI I I I 95 61

25 | ZAH 11 5E Y% II 11 i I I I 88 61

26 | e 1 58 \% I I i I I I 85 60

27 | Bk 4 5% \Y% I Il I VI I I 91 61

28 | = 32 4% \Y% I 11 1 I I I 98 66

20 | = 12 9% % I i} VI I I I 98 66

30 | =37 9% \% I Il I I I I 88 66

31 | e 242 9% \% I I i} I I I 99 67

32 |07 \Y% 1 I i} i1 I I 85 50

33 [ THER \% I I I I I I 87 50

34 | & \% il I 1 i I I 88 50

35 | HESR 1 5% Y% I I I Il I I 75 52

36 |#ER S \Y I I 1 11 I I 77 50

37 | UIP 49 \% I I 1 1T I I 88 50
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SRR T /KR AN

RIS H BB A

102 {15 250 m AR RIHA (R EI R FE AT R 22 B H B 6 (B AR Ny B B AR - IRt
a8 RA RIEFE DIRERE AN ()

Table 2. The haplotypes of 6 heading day genes and days to heading in 102 rice cultivars. Grey
highlight represents nonfunctional alleles (continued)

D variety Japonica |Indica| HD6 | EHDI | DTHS8 | HDI | RFTI | GHD?7 | heading (I) [heading (II)
38 | il 144 \Y% I I i i I I 95 54
39 [ Vandana \% 1 1 X XI 1 I 75 54
40 | FFFH7 \% 1 I 11 11 I I 89 54
4 | FFF7A \% I I 11 11 I I 91 54
42 | Aromatic \% I I | XVII I I 95 63
43 2R 72 5% \% Il I 11 % I I 95 61
44 | Eite 146 \% I Il I Il I I 95 61
45 | it 145 58 \% I 11 il v I I 91 63
46 | BKE 1 5% A 1 1T il i I I 95 66
47 | BKE 3 5% \Y% 1 II i | I I 95 62
48 | Z=AH 14 5k \Y% 11 Il VI v I I 95 63
49 |2 71 gEEOK \% 1 11 i i I I 91 61
50 | Z=fE 5 58 \% 1l 11 i % I I 93 66
51 | Z=27# 16 48 \% I Il il % I I 95 68
52 | ZFF 1198 \Y% I 1I I | XV I I 95 69
53 | 2530 9% A% I 11 il % I I 95 70
54 | 25 68 b A% 1 1l 11 Vv I 1l 95 70
55 | il 139 9% \% I II 11 Il I I 96 75
56 |ZREE 75 9% \% I 1 il v I I 98 75
57 | =194 5% \% I 1 | XVII I I 96 63
58 | =fE 9 5 \% I il VI | XVIII I I 95 66
59 | = 14 5% \Y I 11 1l v I I 91 61
60 | =¥ 8 5 v I I I | XVII I I 95 67
61 |2 65 9% \% I Il il % I I 91 61
62 | HEEAEE (E) \% II II v v I I 95 67
63 | KHHEF \Y I 1 111 11 I I 77 52
64 |IR72 \% I I Y% X il X 102 68
65 | ZREEFL 12 58 \Y% I I vV | xvio 1l v 95 70
66 | ZEEEFL 18 5% \% I I A% X 1 X 102 73
67 | =il 7 5% \% I I \% X 1l VII 102 73
68 | Z il 5 5% \% I I X X 1l X 95 73
69 | ZEREA 6 5% Y I I X X il X 98 80
70 | SAHEL 108 \Y% I I X X il X 103 83
71| ZEER 14 57 \% I I A VII 11 v 102 73
72| EEREAL 19 5 \Y% I I A VIl 11 v 100 76
73 | NonaBokra \Y% I I X VII 1l X 102 89
74 | Prenifull \% I I IX XII 1l 11 106 90
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102 {15 250 m AR RIHA (R EI R FE AT R 22 B H B 6 (B AR Ny B B AR - IRt
REBUR A BIEFE IRV E AN (%)

Table 2. The haplotypes of 6 heading day genes and days to heading in 102 rice cultivars. Grey

highlight represents nonfunctional alleles (continued)

ID variety Japonica |Indica| HD6 | EHDI1 | DTHS | HDI | RFT! | GHD?7 | heading (I) [heading (II)
75 | ZAIE 2 9% \Y I I Y% X I X 95 61
76 | ZHfl 16 %5 \Y% I I \% X I VI 95 61
77 | FRIE 962024 \Y% I I Vo xvi| 1 VI 98 63
78 | HHAlE 112 \% I I \% X I VII 102 71
79 |IR75286-AC5 \% I I VI | XVII| 1 X 88 54
80 |DULAR \Y% I I IX XI I I 83 56
81 |Kasalath \% I I IX XI I VIII 95 61
82 | ZEAE 2 9f \Y I I X X I X 88 61
83 |#E9 \% I I X XI I X 88 61
84 | [HEE 154 \% I I VII | XVII| I X 91 62
85 | FEREAAFE 892239 \Y% I I X X I X 95 66
86 | CT9159-13-2-2-1 \% I I X | v I X 103 68
87 | ERlkES 1290 \% I I VI X I X 95 70
88 | ZEREALEE 892220 \Y% I I X IX I X 96 70
89 | HAEREE A% I I X X I VI 104 73
90 |IR841-85 \Y% I I X X I X 95 73
91 | Z=paAl 15 % \Y% I I X X I X 95 73
92 | ZEEA 20 4E \% I I X XX I X 98 73
93 | IR71694-39-2-5-2 \% I I VI | XIV I X 93 77
94 | [ Auar-97 \Y% I I X X I X 98 78
95 | FIFE \% I I Y% VII I X 85 59
96 | Pokhreli \Y% I I VII | VII I X 93 60
97 | BRI 15k \Y% I I Y% VII I v 102 63
98 | ZZrpfil 10 %% \Y% I I vV | xvi I \% 102 66
99 | Hseng-Ma-Tsam \Y% I 1 \Y 1 I \Y% 99 67
100 | 2=l 17 %% \Y% I I \% \%i I v 102 67
101 | BASMATI 370 A \Y% I I IX | XII I IX 95 73
102 | Basmati T3 \% I I IX | XII I X 95 77

FHESHY HD1 ~ DTHS ¥ GHD7 W4RAEEI - fhiEHARL R EHDI ~ RFT1 B HD6 W%
BB A R I B S R AR R e b O o AL - FRPIRILLE f7385 109 3 (EshaE 4
FfEEE (Functional markers) $F¥%f EHDI ~ RFTI ¥1 HD6 #175307 » #& LA ERERNE T
HIEEEE - St EEUR > fEHARN EHDI Bl HD6 e s\ flfamfE s T B
EAIEEIhAE » MHEHAER RFTI A FrA 20 E T B B A IEHE IR (R
2) o

Grer Laitas REsIR > Sl B RIS S s AR A & B A R E iR A R

W

22



EVERETRE T/KRE lRE AL R A B 1 BB (4

FHERERT SR » SulfEfgiafEs - # HDI ~ HD6 ~ DTHS %1 EHDI 1% e B HHE
BN R (BRINREFA A NEA BN EN ) © MiSslflifEatE S - (£ #DI -
DTHS ¥ RFT1 £ M BA BHE RN RIS 5 o i RS SR AS AT 2 SR B A
JHERATE > R E/KRE Y T S N A B R AU BRI P 0 ATs - TRF SRR RS LIRS e
EbaNE byt

o e ; e CCT domain |

I\ /I//H H\\I\H\\_]\ o
Position 67 243 323 332 336 352 365 406 504 517 521 697

T CiG GlA CiG C/A GlA AG G/A GIC GIA AT CG No. of cvs

Type 1 T (] G c C G A G G G A (] 63
Type 2 C C G C € A A G G G A € 1
Type 3 T o A C [ A G G G G T (] 1
Type 4 T c G c e G A G G G T G 5
Type 5 T C G C C G A G G A X C 2
Type 6 T C G G A G G A G A T C 3
Type 7 T C G G C G G A G A 11 C 2
Type 8 T G G C C G G A C G T C 1
Type 9 T C G C c G G A G G T C 1
Type 10 b § C G C C G G A G G b G <]

5. 102 fE7KigatElE GHD7 AR YmBE Y E P45 R - Typel Fs¥fidmiE Nipponbare [y
FLRAY o FA& g F T BILZEEEE GHD7 AR HE T N A S+ -
B O 1 AR L& AR 7 2 Nipponbare FERIRIAE 72 5 o Frg R AR B i aiE
R R IEE DR A AR

Fig. 5. Haplotype analysis of the GHD?7 coding region in the 102 cultivars. The nucleotide
sequences of all cultivars were compared with Nipponbare (type 1). The Numbers at the top

indicate position from ATG start codon. Polymorphic nucleotides are indicated in yellow.
No SNPs were caused premature stop and identified as nonfunctional allele

= ~ EHDI, HD1, HD6 i 25 Efaimfi iz 7/ £&

TESRELfE T » (€ HDI ~ HD6 ~ DTHS B3 EHDI 1T 25t s L fE vh LA BB
RRIRT R ( BThRE S ARSI EIhEE M AR ) » I DTHS ES G mfE A
H AR FE A EL KT AT A R BShAE S B NARY - DTHS 1E R [EEHE AL R AU Sy = R
R SEETARINARET 0T > RILAERE T 2R A fe feh A S A PRI R L4 MR R 1 [ W
VESYHTIS » (£ HDI ~ HD6 B EHD1 #ETRAREME AT -

FEi¥ EHDI ~ HDI ¥ HD6 %5 = (HFL N FEA RN - FFayE Bohfe S RN E R
HINGESE A ELN » B T EHDI ~ HDI 81 HD6 = RN B /K Rgfh AR 22 28 > M
it 3 {EELRIE Ry 5e 2 REMEEGTI = (EA T SHERTFRIE & RE S5 ( B IhEESEL
FRELA BT S AR ) » WD 2013 4255 — AV BLEE —HA7E & (EHhFE P 75 HEUiEl
HMEHETTEE T 4T -

SATAS SREEUR © EHDI 51 HD1 fify fef HA 2 DR 3 E A2 W (B B PE ¥ B8 (P < 0.05) »
HDG6 ¥HFEFAEL AR A 1E 58 —HITE U R - — (BRI A B e it am T — S EEL —
BAMES R - B85 > (E—H{EP Y EHDI %1 HDI fiifE SR R s o 885 - —HAYERRT
TR H U E R e B BUET R IR A 1255 ZHAfER K EHDI ~ HD1 %1 HD6 $ilifEHA
FERIN Ry 28 > 55 — HAMEPT AR il H BUE S FE S RO TR IR ST - SUBRsE R~
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EHDI 1 HD1 W {8 #i BE R IR 7T DAL [G] R 69.0% B — A {F 2 SRR i R 83 52
EHDI ~ HDI ¥ HD6 =&l FE AL A w] ASE [E] e 81.3% By JHIE 2ol R R il R ]
5L o EHDI FENR R SA1F A1 53 71 o] AR RE 58.8% B 73.2% JEREE eI A F 7 H Sy
5> BINREY EHD1 FEArFENFY I ESA(F 73 Bl vl (B 25 AEEE 5 11.9 8 12.6 KA -
HDI FRFA WEHATE 73 Bl AT LARERE 24.2% B2 14.1% EEEE HhAE H SV R - BIRERY
HD 1 FAr BRI ERIE 3 5 i E KRR T 7.6 B 5.5 KAl - HD6 BNFYSE —HifE
A DUERE 3.4% HEREMI TR H 80U 2 - HD6 {E EHDI SHEEIEF AR T - B3y
HIHIE I BN R > 28I B IIRERY HD6 FAI K NIE EHDI IRE SR T (2 E R
ol B 1A EHDI THAE SRRE HVFAL AN ) - S8 20 —HIME /KR e 5.2 KAt - —H
VES s\ EE AT EE HBE AR EHDI B2 HD1 $HBERAERE Sy i 408 6a  —HATE
SEFEREHTERT R H¥HEARE EHDI ~ HDI $1 HD6 BHBAENAIZRELHT /7 i A1[E 6b -

a b
| 1 75
2 o5 _— 2. ‘
3 | : S
> - - =
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9 85. _9 60 [—
% 80 ’—‘—‘ L 55
© C 1
O 75 | _ B
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20 25 |
e © 1
@® 100 @ 80
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L — 7 70 T
» 90 ‘ » 65 i:‘ é
>
© © 60
O 85 ! o
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6. FUFEEREREN SRR & - o e —HAF B — B R iR AR B H e - a 230
TR AR Y S —HAE R R FT R H B b 2R iE e IR HE  c 2
AR R Y S — H R TR H 8 d SRS SR S8 —HAE R H &L - +
RE IR A IEE DR SRR © - AR RN AR HIEED)
REAY S A R R

Fig. 6. Days to heading (DTH) of each group among two crop seasons. (a) DTH of japonica
cultivars in the first crop season. (b) DTH of japonica cultivars in the second crop season. (c)

DTH of indica cultivars in the first crop season. (d) DTH of indica cultivars in the second
crop season. Plus signs indicate the functional allele; Minus signs indicate the nonfunctional

allele

24



EVERETRE T/KRE lRE AL R A B 1 BB (4

* DTHS, HD1, RFT1 i 2 MiEiE Iz &

A RS HmE - A 250 39 [l S 85 A A I F DIEERY HD6 ~
GHD7 ¥1 EHD1 AR » THIFEHIELR RFTI ~ HDI %1 DTHS Ji* fmfdfE A B A = 1Y
ERIG R - Rk - F M RFTI - HD1 B3 DTHS {1 5(i FE PR ER 4 oy B ThRE S (i KPR 8
NEDIREFAIAENA « K TH# RFTI ~ HDI %1 DTH8 = {8 EKigHfEiAn 8 » &
RE 40 3 {ERE PR A et B 22 SRR A R B4 SR AE T T 8 05 o A B AR o AT - SR8
B> 2013 £ — AR (8 AN RFT] BRERUEREE (P < 0.05) » RFTI RS —HATEA
fitkE 19.9% Sul IR EIHAYVEE R > B IRERY RFTI AN & (e /KREIE T 5.4 K
Tl - A£ 2013 458 “HWEERIh = (el BEHAAR N RFT1 ~ HD1 88 DTHS Y53 fES Ry B8 (P
< 0.05) > {EAFEIIRIHY A ESEI A R - = (ARSI m] L[ iR 54.8% 23Rl
RES VRS RE I EE R © REFTT B0 W] LARRRE 33.6% Sl Mlfea it SRR e
5 BAIEFIIEERY RFT] S0 AN a] e KRR T 10.5 KRiFE - DTHS JIlw] DU FE
7.1% 2 ARSI BRI R - B IER DIRERNY DTHS S AN & EE KR T
HE 4.4 TAMEE - HDI AT DLA#RE 3.0% S5MlREr —HIfEAv i I8 R > B AIEFE IR
HDI i EN &G EE KRG EE 3.1 R o —SH(F 2R AT 0 BUHER[E RFTI
BB A AR EREAY i 408 oc + ZHA(F Sul IR IR 7R H BE AR RFT1 ~ HDI #1
DTHS $HEFLNILRERY 3 Hfi4llE] 6d -

¥ &

BB AT - TR R - (i7p et SRR RO A A R AR (AR 5 hibL
EEGFEWIERIREE A ERIE - AR EFTEENCEBIEAFTAE - REEE RS
TEFAEL A A FIRVRTER IE » AR E 7 RIS EAE R an i o 5 e S0 W (S {F A B i
SO > GEREEUR - SR AERURSSREREIRRE - NS I KR B B A RIRCRES - B2
REFEY)ERAHRESROLEE > NI IR HFERTR B BE9ENR—HE - 141 > Bk
o RELLE A {18 S VR il RE AT 7 A B I B AR (R B s (0.819) > BRZA S BARERS el 9 7 BV
W EHATE TR SE AR e R — 8 - A T - R sn B 7 S8 W (A B (e eIy e R R
EFER (FHERRE = 0.623 ) » HEHIRI(E -~ FEIHI R eI ERIR LR S & TEEH
RN [E] Rz -

HD1 285 F-W T H AR KRS AR A RS R @ > Sism 2 AT A S BCART TE T T 4s SR B
AT HD1 F:RAE FURE B R 5 2 & h # A A 3 R AV 2 7 « 7% Takahashi % A
(2009) B FE P AEILEEH T 17 (8 HDI HYBLER] » WA 4 (& Indels B 1 { SNP & H 2 i
Fezes 7 o MATRICHEST /30T 102 5 £ HDI B RARISE - 45 RA03E35 7 20 (HH
EA > Bl Takahashi 22 A (2009) SCEAHEE > B0 2 {6 & HEFEHEZEEEH Indels » [EA1 > HAAT
NBRFEEEE > HDI 1A HEREE T (2 #EBRAE - 1 HDI AR HEREE T AR i & fkIBH e
o FERR B SR B EE AN HD1 AN SHEE R e a—UE
IR Z IR T o B AT LA KAEEE AR - b A R S n e R Y HDI
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& AEFTA 2RI E &R 5= T - HDI £ —HAE KAk H B2 & > W HDI 1
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Diversity of floral regulatory genes contribute to

. . . . . . 1
various heading date of rice cultivars in Taiwan

Wang, S. S. and R. K. Chen’

Abstract

Days to heading (DTH) is an important trait in rice breeding program. In order to understand
how rice genetic diversity affects variation of heading date in Taiwan, we investigated the days
to heading of 102 accessions in two cropping seasons, and the genetic diversity of 6 genes, HDI,
HDG6, EHDI1, GHD7, RFTI, and DTHS. Our results indicated that the genetic diversity of five
genes, HD1, HD6, EHDI, RFTI, and DTHS8 was associated with variation of DTH. For japonica
accessions, allelic diversity of EHDI1, HD6, and HDI genes resulted in the variation of DTH: the
genetic diversity of EHDI and HDI explained 69.0% phenotypic variation of DTH in the first
cropping season, and the diversity of EHDI, HD6, and HD1 explained 81.3% phenotypic variation
of DTH in the second season. For indica accessions, allelic diversity of RFTI, DTHS, and HDI
genes led to the variation of DTH: the genetic diversity of RFT/ explained 19.9% phenotypic
variation of DTH in the first cropping season, and the diversity of RFT1, DTHS, and HD1 explained
54.8 % phenotypic variation of DTH in the second season. Our findings provide genetic information
and technical protocols to predict DTH in rice based on the allelic combination of these five genes.
It allows plant breeders to choose proper genetic materials in a rice breeding project, and hence to
increase breeding efficiency.

What is already known on this subject?
To date, several genes for days to heading (DTH) have been identified from natural variations,
but only few genes were applied in rice breeding programs by using marker-assisted selection.

What are the new findings?
In the current study, we figure out the relationship between the DTH and genetic diversity of 6
floral regulatory genes in our ecological conditions.

What is the expected impact on this field?
Our finding would be helpful to improve rice breeding efficiency in Taiwan.
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